A critical response (Western Regional Coordinating Committee 1980) to a recent policy change on predator control (Andrus 1979) accentuates the need for objective evaluation of various coyote control methods. This study attempted to determine the efficacy of "denning 11 , the practice of seeking out the dens of depredating coyotes and destroying the young and/or adults, in stopping depredations upon sheep.
Denning has been criticized for being "unselective" in tenns of individual animals (Defenders of Wildlife 1978 , Sierra Club 1978 , The Humane Society 1978 and removal of individuals that obviously are not responsible for depredations. Other critics maintain that denning is solely a means of coyote population reduction (Gier 1968 ).
On the other hand, experienced predator control field personnel claim that denning can be a selective method for resolving specific depredation situations. Anderson (1969) , among others, believes predation should cease when pups are found and destroyed. Royama (1970) (Bekoff and Jameison 1975) . A thorough search was m1de of the den area for animal remains. Adult coyotes were weighej with a spring balance and age assessed by means of tooth wear ' Gier 1968) . Adult stomach samples were analysed in the field )Y ocular estimate.
Cost-b~nefit Analysis
A generalized cost -effectiveness analysis was calculated based on field seasons combined. Assumptions for this analysis were :
1) The monitoring intensity did not change during pre and posttr eatment periods. Therefore, the proportion of sheep actual ·y killed by coyotes that were located is probably the same pre and posttreatment.
2) The number of sheep killed pretreatment in the removal treatments accurately reflects the number that would have been killed had treatments not been applied. This assumption is supported by the kills documented in the control treatment.
3) The wages, expenses and field time of personnel are reasonable for this region. differences (X =6.8877, df=3, p<0.05) could be shown in total incidents, or in total kills (X 2 =2.5538, df=3, p<0.05) between pre and posttreatment periods of the no removal (control) treatment and pretreatment periods of the removal treatments (Table 3) . Litter size, age of pups and the distance between kill sites and the den appeared to have little influence upon the total number of sheep killed, or the rate at which they were killed.
The densities of dens (Figure 2 ) where adults and/or pups were removed ranged from i den/117.1 km 2 in 1980 (n=ll) to 1 den/110.4 kmiin 1981 (n=l9). These figures must be evaluated carefully.
There were 15 dens (9 in 1980 and 6 in 1981) of depredating coyotes that served as controls.
The locations of these dens were suspected, though not verified, so they do not enter into density calculations.
In addition, evidence suggested other dens (i.e. of non-offending adults) in the study area. I suspect double these densities would still be conservative. In any case, · these densities are substantially higher than those reported by Young and Jackson (1951) . The average distance from t he site of depredations to the den was 3.25 km, with a range of <l km to 10 km. Litter size (x=6.3, range 4-11) was similar to that reported by Young and Dobyns (1945) , Hamlett (1938) and U.S. Fish and Wildlife Service (1978a) . Pups at approximately 2 weeks of age averaged 0.91 kg, which is similar to weights reported by Gier (1968) , and higher than those reported by Hallett (1977) and Bekoff and Jamieson (1975) .
The age of pups removed during treatments averaged 26 days, with a range of 2 to 49 days.
Animal remains were found at 77% of the dens examined (Table 4 ).
Adult coyote weights ranged from 9.1 kg to 12.7 kg (x=l0.9) among females, and 11.4 kg to 18.2 kg (x=13.6) among males. Tooth wear estimates of age suggested ranges of 1-6 years (x=2.9) for females and 2-6 years (x=3.7) for males. Sheep remains were found in 9 of 31 (29%) of adult stomach samples (Table 4) .
Cost-effectiveness Analysis
The average salary for a USDI ( = 5. 1 days are necessary to recover costs.
DISCUSSION
It is possible that adult coyotes initiate and continue depredations upon domestic sheep during the pup-rearing season as a means of maximizing their hunting efficiency. Royama (1970) implied that one way in which predators may do this is to feed young more 11 profitable 11 prey items than they consume themselves.
Domestic lambs are possibly the most 11 profitable 11 prey items available to coyotes at this time of the year, since they are abundant, easily preyed upon and larger than most naturel prey.
Additional credence to the hypothesis that coyotes select for 11 profitable 11 prey when feeding a litter of pups may be gained by Additional adult coyotes are commonly found caring for pups (Ryden 1975 , Camenzind 1978 , Bowen 1982 . The occurrance of more than 2 adults at a den has frequently been noted by field personnel.
Possibly an "extra" adult was responsible for the 1 posttreatment kill noted after removing 2 adults plus pups in l trial. Extra adults were observed at 6 (40%) of the dens where adults were removed. Since there were no apparent differences in kill rates between dens with or dens without "extras", the presence of additional adult coyotes was considered negli Bible.
Learned predatory behavior is another factor which influences depredations by coyotes on spring lambing ranges. The extent to which this factor governs total losses is speculative, since al l adult coyotes raising litters in lambing areas do not kill lambs. The predilection of some coyotes for lambs encompasses more than a simplified model pertaining to a maximization of the available prey resource.
Predation frequencies (for pre and post control, and pre removal treatments) are similar to those reported by field personnel and damage assessment studies. Perhaps more intensive monitoring of losses would account for more sheep carcasses;
whether relationships to information such as litter size and pup age would change is not known. No general biological patterns emerged regarding the tendency of certain coyotes to kill sheep for the purpose of feeding pups.
Infonnation pertaining to spring coyote densities on lambing ranges is not extensive. During this study, the density of depredating coyotes• dens averaged at least 1 den/70 km 2 , with 1 area of< 80 km 2 containing 5 dens in 1981. Whether the ready availability of large numbers of domestic lambs resulted in a high density of coyote dens is conjectural. It must be emphasized that these densities are minimal spring den densities of depredating coyotes; total coyote density was not estimated.
From these data , it would be di ffi cult to 11 profil e 11 an offending adult coyote with any assurance that it would differ morphologically from a coyote living in the area but not killing sheep.
Adult weights and ages appear to be well within population ranges. Three crippled (peg-leg) coyotes were observed as offending adults. However, the data do not indicate that these coyotes were behaviorally different (as suggested by Sperry 1939) regarding depredations upon sheep.
Some evidence of non man-related coyote mortality was encountered during each field season. An extremely white-furred pup was found dead 1 km from a den containing 7 healthy siblings (Trial 102). A necropsy of the dead pup showed no physical damage or aberration. Camenzind (1978) suspected the destruction of pups by adult coyotes from neighboring territories. I did not observe this phenomena; however, control personnel have reported remains of dead coyote pups at dens. Intra-litter strife may result in coyote pup mortality (Hallet 1977) , and it is possible that an unmeasured amount of mortality among coyote pups occurred during this study. At one den (Trial 112), a 5x4 cm piece of fresh adult coyote skin was found. Both adults collected here appeared normal. The extent of "natural" mortality and its importance in this area is unknown.
Cost-benefit Analysis
Most predator losses occurred prior to docking, when the first accurate count of range-born lambs is made. Since it is virtually impossible to account for all lambs born on the range (Tigner and Larson 1977) , the percent of each bands' lamb crop lost to coyotes was not estimated; only confirmed coyote kills documented prior to and following each trial enter into calculations. Damage assessment workers (Bowns 1976 , Nass 1977 concurred on the difficulty in locating all mortalities. Klebenow and McAdoo (1976) stated that were it not for their efforts in monitoring losses, sheepherders would have found less than half of the losses that occured. One author (Nesse 1973) felt that actual predator losses were 1.5 times as numerous as those located. Another possible source of error in calculations of total losses is related to the propensity of some coyotes to carry pieces of food items to the den. Consequently, additional depredations may have occurred that were not documented.
Adjustments for such inaccuracies were not made. The loss figures must be assumed minimal; total predator losses must be somewhat greater.
The cost-effectiveness analysis calculated here is short-term, essentially relating the immediate benefits of removing offending adults and/or their pups in particular predation situations. One could speculate that the duration of these predation sequences would continue relatively unabated unless the sheep were moved. The energy demands of a litter of pups may force some coyotes to turn to livestock as a source of food (Boggess et.al. 1980 ).
Since sheep remain for at leas t another month on the study area prior to trailing to the summer range, the total losses inflicted by a pair of coyotes provisioning pups could be severe if control measures were not implemented. Although lamb losses to coyotes are generally highest in the spring, another major predation period during the late summer or early fall has been noted (Klebenow and McAdoo 1976 , Tigner and Larson 1977 , Boggess et.al. 1980 The contention that it is better not to remove non-offending coyotes from 1 ivestock areas rather than have them replaced by other coyotes th at m ay or may not cause problems has been mentioned by some coyote management biologists (Boggess et.al. 1980) . As demonstrated by this study, the status of effendi ng adults can be changed by removing their pups in the spring. The permanency of that new status is a question for further research.
The scope of the predator-prey interaction between coyotes and domestic sheep is beyond this paper; however, it appears that when dealing with depredating coyotes on lambing ranges, the evidence is persuasive that regardless of prior experience or other factors on the part of the "offenders", attempts to maximizing hunting efficiency potentially lead to sheep losses. 
